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A Mission to Europa
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• Is there life on Europa?
– Flybys, Orbiter, Lander

• Challenging mission
– Deep inside gravity well,  

high ∆v
– Total Ionizing Dose TID(MRad), 

large shielding mass
– Avoid contamination
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Europa Lander Mission Concept

• Direct-to-Earth architecture
– Lander direct telecom with Earth

• De-Orbit Vehicle (DOV) sterilized 
bef. launch, performs De-orbit, 
Descent, & Landing with SR

• Carrier (CS) makes all mnvs of the IP 
transfer, tour, and EOI. 
– After DOV separation enter a 

stable orbit around Europa. No 
orbit control capabilities!
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CHALLENGES AND ARCHITECTURE 
CONCEPT (AAS 19-223)



Two Case Studies 

• This paper presents interesting phasing problems that came in 
support of DTE trade studies 
– Concurrent design of trajectories with coupled constraints

1. Case Study: Use Clipper as a data-relay spacecraft during Europa 
landing. Requires concurrent design of Clipper extended tour 
and Lander endgame.
– Key challenge is exact timing. See also AAS19-366 today at 

2:30PM!
2. Case Study Ultra-low radiation endgame strategy enabled by bi-

prop architecture 
– CS disposal into Ganymede impact. Topic of this presentation
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A bi-prop enabled strategy

• Re-starting capability of bi-prop architecture enables a new strategy
– the Carrier would flyby Europa and hit Ganymede . Carrier does not 

perform EOI!
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Europa flyby

(1) 
EOI

To Ganymede impact

1~2 revs
(2) Pericenter 
drop(3) de-orbit

• Carrier’s post-flyby orbit impacts Ganymede and is robust to error
• DOV’s approach velocity is minimized for low EOI DV
• For global coverage, we need many approach flybys, covering the surface

DOV 
separation

DOV

CS Europa



Required landing regions
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High-phase
(no landing)

No High-Res 
images from 
Clipper



Ganymede-Europa-Ganymede (GEG)

Pre-Decisional Information – For Planning and Discussion Purposes Only 

1/14/19

-6

-4

-2

0

2

4

6

8

10

12

14

2

104

0106 1.510.50
106

-0.5-1-2-1.5

-5 0 5 10 15 20 25
ToF, days

6

7

8

9

10

11

12

ra
di

us
 fr

om
 J

up
ite

r

105

G G impact

Untargeted E
E

(1) From 1:1 
Ganymede

(2) G

(4) E/EOI

(6) G impact

• EG leg is quasi-Hohmann transfers (with N revs, N = 0,1,2,3) to minimize EOI 
• GE leg is also quasi-Hohmann, with 4-N leg, for phasing (4 H = 3 Ga = 6 Eu revs)
• Period-preserving flyby, so it shadows Clipper’s recon flybys

– The closest approaches are ~ 0deg or 180deg long

(3) GE

(5) EG



N TYPE TID to 
EOI NOTES

0 ~40
Few solutions (no control in GE arc), and 
many of them are non-robust because 3.5 
revs and untargeted Europa flyby

1 ~120
Sufficient time for small deterministic 
maneuver in GE. Short time for 
untargeted flyby effects to grow.

2 ~200
Can use high altitude flyby to set EOI. No 
untargeted. Increases # of opportunities 
with given illumination conditions.

3 ~280 Not computed for high TID

Classes of GEG
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Untargeted flyby

Untargeted flyby

Targeted flyby

Targeted flyby



1-D families (1-GEG example)
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• Mathematical model can 
be reduced to 2 Eqs in 3 
unknown

• Families represented as 
1-D curves

• Closest approaches CA 
clustered around prime 
meridian or anti-meridian



1-GEG solutions in full model
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One 
trajectory 
per row



1-GEG solutions in full model
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Family
(A,B,C…)

Sub-Jovian EOI

Anti-Jovian 
EOI

Sub-Jovian 
EOI

Prime Meridian Crossing/ 
Anti-Meridian Crossing



1-GEG solutions in full model
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Large ∆V



1-GEG solutions in full model
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Not Robust to 
5 km altitude 
delivery errors
(all Anti-Jovian, 
direct flyby) 



1-GEG solutions in full model
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Low ∆V, 
Robust 
solutions



1-GEG attainable landing sites
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1-GEG attainable landing sites
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1-GEG attainable landing sites
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Not a coincidence!
• Europa flyby doesn’t change period
• Same as Clipper’s recon flyby
• Same CA, similar GT



Conclusion
• Europa Lander Mission Concepts require large mass of propellant and radiation 

shielding. The current incarnation is a Direct-To-Earth TE architecture, where the 
Carrier Spacecraft has no orbit control capabilities after De-Orbit Vehicle separation

• The paper discuss two trajectory problems for the DTE architecture, that required 
concurrent design of multiple spacecraft trajectories with coupled constraints.

• The first problem required designing Clipper and Lander tours concurrently, so that 
Clipper can act as data-relay during landing operations

• The second problem is a an alternative endgame strategy where the DOV executes EOI 
and De-Orbit mnvr at different times, so that multiple landing site can be reached from 
the same orbit. 

• Carrier does not execute EOI, however, it must impact Ganymede after delivery. 
– GEG strategies provide low TID and low EOI (1250 m/s);
– GEG mimics Clipper’s groundtrack so LS access is similar
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